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Abstract—Technical Debt management decisions always imply
a trade-off among outcomes at different points in time. In such
intertemporal choices, distant outcomes are often valued lower
than close ones, a phenomenon known as temporal discounting.
Technical Debt research largely develops prescriptive approaches
for how software engineers should make such decisions. Few have
studied how they actually make them. This leaves open central
questions about how software practitioners make decisions.
This paper investigates how software practitioners discount
uncertain future outcomes and whether they exhibit temporal
discounting. We adopt experimental methods from intertemporal
choice, an active area of research. We administered an online
questionnaire to 33 developers from two companies in which
we presented choices between developing a feature and making
a longer-term investment in architecture. The results show
wide-spread temporal discounting with notable differences in
individual behavior. The results are consistent with similar studies
in consumer behavior and raise a number of questions about the
causal factors that influence temporal discounting in software
engineering. As the first empirical study on intertemporal choice
in SE, the paper establishes an empirical basis for understanding
how software developers approach intertemporal choice and
provides a blueprint for future studies.
Index Terms—Technical debt, intertemporal choice, temporal
discounting, questionnaire, technical debt management, decision
making, psychology, behavioral software engineering
I. INTRODUCTION
Many Technical Debt (TD) management decisions are
intertemporal choices: They involve a trade-off among uncertain
outcomes at different points in the future. This represents the
intertemporal nature of trade-offs implied in the concept of
technical debt as articulated by McConnell, who located the
source of technical debt in “decisions that are ‘expedient’ in
the short term but . . . costly in the long term” [1], following
Cunninghams original article [2]. The temporal nature of
technical debt remains a key element of the commonly accepted
definition that “technical debt is a collection of design or
implementation constructs that are expedient in the short term,
but set up a technical context that can make future changes more
costly or impossible” [3]. While technical debt is understood
to be incurred often unintentionally, TD management needs
to address questions such as—When to fix a code smell?, Is
it worth to invest effort now for refactoring? and Should this
particular element of technical debt be paid back now, at the
next release, later, or never? Such intertemporal decisions
involve actors in the systems development process who make
choices that often involve a trade-off between uncertain future
outcomes.
In response to these questions, TD research largely develops
prescriptive approaches for how software developers and
architects should make TD management decisions. Of the
240 papers involving trade-off decisions studied in a recent
literature review, 37% proposed, and 27% evaluated, a proposed
solution [4]. Solution proposals range from sophisticated
financial modeling techniques to optimize the TD portfolio to
software quality metrics and tools that are meant to inform
the decision making process by providing measurable statistics
and indicators to feed into the decision making process.
The degree to which individuals discount future outcomes
is represented by temporal discounting concepts such as
discount rates. In prescriptive models, future outcomes are
often discounted using a fixed financial interest rate in order
to establish the supposed present value of a future outcome.
Descriptive intertemporal choice research in disciplines in-
cluding psychology, behavioral economics and management
science has firmly established, however, that people facing
actual intertemporal choices will discount future outcomes at
rates that are non-linear and may change over time.
While TD decisions always imply and often explicitly involve
temporal discounting, few have studied what really happens in
that process, i.e., how software practitioners actually make those
decisions. Only nine of the 240 TD papers examined in a recent
review [4] performed empirical studies of concrete TD decisions
made in software projects. Even those nine studies were found
not to investigate temporal decision making using focused
methods and theories. This corresponds to a general neglect
of descriptive research on decision making with intertemporal
parameters in software engineering research [5].
Many important questions about how software engineers
make decisions remain unexplored. This study begins to address
a question central to Technical Debt:
How do software practitioners discount uncertain future
outcomes?
This overarching question guides our research design. We
describe a study that explores the implied discount rates
of software developers when faced with TD choices. We
discuss the findings in the light of the extensive literature on
intertemporal choice in psychology and behavioral economics.
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II. BACKGROUND
A. Intertemporal Choice
TD management is full of intertemporal choices: “decisions
involving trade-offs among costs and benefits occurring at
different times” [6]. These trade-offs appear explicitly and
implicitly in TD: Implicitly, temporal discounting influences
behaviors that disregard temporally distant outcomes without
a conscious choice, which is often regarded as a source of TD.
Explicitly, many TD management decisions need to address
the temporal trade-off directly.
Intertemporal choice is a very active area of research in
psychology, behavioral economics, neuro-economics, man-
agement science, marketing, and other fields [6]–[9]. In-
tertemporal choice research aims to explain from neurological
and psychological perspectives how the mind makes choices
when faced with intertemporal decisions, understand under
which conditions people discount the future disproportionately,
model and predict consumer behavior, and understand how the
architecture of choice influences outcomes. Despite decades
of research, no undisputed consensus has emerged over the
precise mechanisms that influence temporal discounting and
the best theoretical models to describe and explain it [6].
Nevertheless, this body of research provides powerful theories,
research methods, experiment designs, empirical guidelines, and
conceptual frameworks that support researchers in exploring,
understanding, modelling and predicting how people will make
intertemporal choices [7]–[10].
The intertemporal choice behavior of consumers in particular
has been explored in depth in hundreds of studies [6]. A
typical and frequently administered basic experiment involves
an explicit trade-off between a monetary reward at a certain
point in time and a (higher) monetary reward at a later point
in time. By establishing how much more the average consumer
expects to receive for the later reward to be equally valuable as
the closer reward, these experiments establish a discount rate
that describes, in numerical terms, how experiment participants
discount future outcomes.
B. Temporal Discounting
While some individuals in some situations may exhibit
negative discount rates, the expected behavior normally involves
positive discount rates. This is normal, since the present
simply looms larger than the future. Laboratory experiments
of temporal discounting effectively predict real-world behavior
in many domains, including “credit card debt, smoking,
exercise, body-mass index, and infidelity” [15, p.3]. Temporal
discounting on its own does not explain why individuals may
value outcomes differently depending on their timing: Many
factors can influence a persons temporal discounting. Frederick
et al. [6] clarify their terminology as follows:
We distinguish time discounting from time prefer-
ence. We use the term time discounting broadly to
encompass any reason for caring less about a future
consequence, including factors that diminish the
expected utility generated by a future consequence,
such as uncertainty or changing tastes. We use the
term time preference to refer, more specifically, to the
preference for immediate utility over delayed utility.
In this paper, we focus on taking the first step of in-
tertemporal choice research in TD management: We aim to
empirically establish whether software practitioners exhibit
temporal discounting. On that basis, we will begin to explore the
causal factors that can explain observed behavior and discuss
several theoretical and empirical perspectives on how and why
this behavior comes about.
A comprehensive and widely cited review of intertemporal
choice literature summarizes dozens of studies [6]. Empirical
studies use a range of methods, but often present participants
with a choice or a matching task. In a choice task, participants
choose the preferred outcome out of two options; in a matching
task, they ‘fill in a blank’ to indicate, for example, the reward
or price that would make one outcome equivalent to a given
outcome at a different point in time. The choice task provides
upper or lower bounds on the indifference point at which
the participants are undecided. A sequence of choice tasks is
often used to narrow down upper and lower bounds to allow
the researchers to compute the indifference point [15]. The
matching task directly asks for that point.
The comprehensive review by Frederick identified an extreme
range of results across studies: The authors identified that the
discount rates reported by studies ranged from negative to
∞, with most results ranging from 0% to 500% in what the
authors describe as “spectacular disagreement” [6, p. 389].
They suggest that this may be partly due to the measurement
method employed, a suggestion confirmed by later studies
[15]. They further discuss the broad range of factors that
can in principle be used to explain why participants discount
future outcomes and which conditions and factors influence
discounting behaviors. These include the distinction between
time preference and time discounting; the role of uncertainty
and anticipation; a distinction between monetary discounting
of rewards, the different utility of rewards in time, and the
temporal discounting of utility; several anchoring and priming
effects; the framing of outcomes in terms of losses or gains;
and the viscerality of outcomes, i.e., the degree of how vividly
participants can imagine the outcome. For example, in the
absence of precise uncertainty, participants will perceive future
outcomes as less certain and apply additional discounting to
the promised outcomes. This can partially be prevented by
supplying quantitative uncertainty information, something we
have adopted in our study. Hardisty et al. further discuss that
the order in which choices are presented has a significant
influence on the outcomes of the experiments [15]. Weber et al.
discuss psychological distance and viscerality as central factors
that influence the degree of temporal discounting that can be
observed [10], and Soman et al. explore how the discounting of
outcomes that contain both gains and losses can be explained
through the difference between the discounting losses and the
discounting of gains [7].
Overall, these studies and meta-studies provide a range
of models and empirical guidelines that supported our study
TABLE I: Selected experiments in intertemporal choice. For reviews, see [6], [7].
Citation Sample question Elicitation method and task descrip-
tion
Sample Effects
Thaler
1981 [11]
“. . . you won some money in a lot-
tery. You could take the money now
or wait until later. How much would
you require to make waiting just
as attractive as getting the money
now?”
Matching: A 3x3 table to be completed.
For each time frame (3m, 1 yr, 3yrs) and
prize amount (varied from $15-3000), the
participants fill in a matching amount.
The matching amount provides the indif-
ference point.
20 usable re-
sponses from
students
Implicit discount rates are very large;
discount rates drop sharply as the
prize or the time increases.
Coller &
Williams
1999 [12]
“. . . you have a choice of two pay-
ment options; option A or Option B.
If you choose B you will receive a
sum of money 3 months from today.
If you choose A you will receive a
sum of money 1 month from today.”
Choice: A multiple price list presents 15
alternatives, with either 500$ in a month,
or 500$+x in 3 months (where x is used
to calculate the individual discount rate
IDR) The point at which preferences
switch between now and then is used
to calculate the indifference point.
199
graduate and
undergraduate
students
Mean Annual Interest Rate of
17.5%−20%. Providing information
on the AR associated with future pay-
ments (in %) or the available market
rates reduces individual discount rates
significantly.
Harrison
et al 2002
[13]
“You will have a choice of two pay-
ment options; Option A or Option
B. If you choose Option B you will
receive a sum of money 7 months
from today. If you choose Option
A, you will receive a sum of money
1 month from today, but this Option
(A) will pay a smaller amount than
Option B.”
Choice: Subjects were given payoff ta-
bles as in Coller & Williams. The basic
question was modified in six ways: E.g.
successive questions with increasing x,
simultaneously posing several questions
with varying x, providing two future
income options, four possible time hori-
zons (6m, 12m, 24m, 36m), etc.
268 people Discount rates are constant over the
one- to three-year horizons. Discount
rates vary significantly with respect
to socio-demographic variables.
Zauberman
et al 2009
[14]
“Multiple experiments explore a
set of related factors that link the
subjective perception of time to
the observable behavior of tempo-
ral discounting. In Experiment 1,
subjects were asked to put a value
on delaying an outcome (gift cer-
tificate). Subjective assessments of
differing prospective time horizons
were compared to the changes in
objective time horizons.”
Matching: Participants first were pre-
sented with a scenario to imagine receiv-
ing a gift certificate worth $75. They
were then told that the gift certificate
was valid that day and were asked to
indicate how much they would have to
be paid in order to wait for 1 month (1
year or 3 years) before using the gift
certificate. Participants were also asked
to mark the perceived length of that
time frame visually on a graphical scale
ranging from ‘very short’ to ‘very long’.
57 undergradu-
ate students
(experiment 1),
106 students
(experiment 2)
The standard pattern of hyperbolic
discounting is explained with subjec-
tive time perception: Subjective esti-
mates of future time horizon change
less than the corresponding change in
objective time. Rates of discounting
decrease with increased time inter-
vals not because people’s internal
discount functions are approximated
by hyperbolas, but because discount
rates are calculated using objective
time horizons. Internal discount rates
calculated using subjective estimates
of time horizon do not decrease over
time.
design and initial exploration of factors. We will return to these
factors in the Discussion, but first focus on establishing what
kind of behavior we can observe, and how we designed our
study to establish an empirical baseline for examining temporal
discounting in TD management.
C. Discount rate elicitation
Several methods have been developed to explore temporal
discounting behaviors and elicit discount rates. The most
important research design choices involve the presentation
of the task or question that participants are asked to respond to;
the variables that are manipulated within subjects and across
subjects; and the calculation of implied discount rates from
observed behaviors. Additionally, some studies explore the
causal factors of temporal discounting or the effect of different
research designs. Table I summarizes selected typical study
designs that illustrate the range of choices. It compares a small
range of the tasks, manipulated variables, sample populations
and observed effects that are reported in the vast literature on
temporal discounting.
As Hardisty et al. [15] demonstrate, the presentation of tasks
influences the effect sizes obtained. For example, matching
tasks exhibited lower discount rates than choice tasks [15], [16].
More generally, the range of choices presented to participants
influenced the range of temporal discounting they exhibit [15].
For example, presenting them with options that correspond to
extremely high discount rates elicits higher discount rates. The
choice of which elicitation method to use should be based on a
range of considerations including simplicity, congruence with
the phenomenon under investigation, and ease of use for the
participants [15].
Traditionally, the literature on intertemporal choice has
focused on a simple normative model of Discounted Utility
(DU) developed by Samuelson [17]. In this model, the process
of discounting is modeled as exponential: time-consistent and
with a constant discount rate. The exponential model can be
compared to the interest rate on loans and investments, which a
“rational” decision-maker might supposedly use as a reference.
Because of pervasive inconsistencies with empirically ob-
servable behavior, it is often considered inadequate today and
replaced by other models, e.g., hyperbolic discounting. Each
model supplies a different way to calculate discount factors.
Studies that examine temporal discounting often ask partici-
pants to state under which conditions they would be indifferent
between two temporally separated options, or when they would
prefer one option over the other. For example, one study
asked participants to state what amount of money would be
equally attractive as receiving a smaller sum immediately [11].
Participants who were offered $15 immediately stated that they
would be indifferent to receiving $30 in three months, $60 in
one year, or $100 in three years (the values are medians of
all responses). The annual discount rates for the three time
periods in this example are 277%, 139%, and 63%, illustrating
that the change in rate is not constant – participants would
accept a smaller increase in reward if they had to wait longer.
All calculations are based on the stated amount that the
person would require to prefer the future option (future value
F ), the amount available immediately (present value P ), and
the time in years between the two options t. The annualized
continuously compounded discount rate DRc [17] relies on
the future value F calculated as Eq. (1):
F = P × eDRc×t (1)
To obtain DRc, the formula in Eq. 2 is used:
DRc(F, P, t) =
ln FP
t
(2)
The exponential model is relatively simple and follows the
normative model of intertemporal choice. However, numerous
studies have demonstrated deviations from the exponential
model [6]. Everyday temporal discounting choices in most
tasks are not based on a constant discount rate. Hyperbolic
discounting [18] is an alternative model that does not assume a
constant discount rate [19]. In this model, assigned value falls
rapidly for earlier delays, but more slowly for longer delays,
depending on the precise parameters used.
Different models yield different results. For example, some
models amplify differences in discounting between small time
intervals, while others are less sensitive to differences. Table II
shows discount rates for the data in the example above (by
Thaler [11]) using different models. The discount rates are
not directly comparable between models, although the basic
tendency in the data is captured by them all to different extents.
Persons exhibit temporal discounting if their discount rates
differ from zero.
The choice of model is a research topic in its own right.
Several papers (e.g., [15], [17], [18], [20]) discuss the merits
of different models, propose new models or variants of existing
models, and examine their fit to different sets of empirical
data. Ultimately, the intertemporal choice task should be
chosen based on the real-life phenomenon of interest [15],
and the discount rate model must be chosen based on the data
obtained while taking into account theoretical assumptions and
comparability with related studies.
D. Summary
Temporal discounting is a commonly studied phenomenon
that arises in a range of situations and appears highly relevant
for TD management. Prior research in intertemporal choice has
focused on consumers and has gradually shifted from an initial
TABLE II: Comparison of discount rates for different models
with example data from [11]
Immediate reward 3 months 1 year 3 years
$15 $30 $60 $100
Model Discount rates
Exponential (Eq. 2) 3 1 1
Hyperbolic [18] 15 3 0.882
Larger values represent more discounting.
focus on a constant discount rate to examining temporal shifts
in preferences over time that are better represented by either
hyperbolic discount curves or a close attention to subjective
time perception. Many aspects deserve scrutiny, including
differences in discounting gains, losses, and mixed outcomes;
the design of the task used to elicit discount rates; and the
interpretation of the findings.
In our study, we focus on establishing a baseline for further
studies in software engineering by establishing whether there is
a temporal discounting effect at all, and by discussing the shape
of this effect in order to evoke opportunities for future research.
Therefore, we investigate the following research questions:
RQ1) Do software professionals discount uncertain future
outcomes in decision making related to Technical Debt?
RQ2) How does the temporal discounting behavior observed
among software professionals compare to previous find-
ings in intertemporal choice?
III. RESEARCH DESIGN AND ANALYSIS
A. Questionnaire design
To address our research questions, we developed an online
questionnaire with an intertemporal choice task (see Fig. 1).
Participants were given a scenario with two options: 1) spend
software project time earlier on implementing a planned feature
(a short-term option); or 2) integrate a software library with
potential long-term benefit in terms of reduced maintenance
effort. We tested the effectiveness of the questionnaire in three
pilots with experienced practitioners and academics known to
us. Each iteration had new participants. After each iteration,
we revised the questionnaire in terms of the scenario, the
language used to frame the options and the overall design,
based on the feedback received. The pilots also helped us to
enhance our own understanding of the topic of investigation
(i.e. intertemporal choices), and ways to analyze the data.
For the actual study, the participants were presented with
a matching task. They were asked to indicate the minimum
amount of potential time saving they would require to choose
the long-term option over the short-term option. To avoid
additional discounting due to absence of precise uncertainty
in the future option, the scenario (option 2) specified that
time-saving had a 60% chance of being realized. This scenario
was presented first as a 1-year project to establish a baseline
preference (present value P ) without any priming from multiple
time frames. In a subsequent stage, the question was repeated
with a varying time frame as a 1, 2, 3, 4, 5, and 10-year project.
You are managing an N-years project. You are ahead of schedule in
the current iteration. You have to decide between two options on how
to spend your upcoming week. Fill in the blank to indicate the least
amount of time that would make you prefer Option 2 over Option 1.
Option 1: Implement a feature that is in the project backlog,
scheduled for the next iteration. (five person days of effort).
Option 2: Integrate a new library (five person days effort) that adds
no new functionality but has a 60% chance of saving you person
days of effort over the duration of the project (with a 40% chance
that the library will not result in those savings).
(The only difference here is the timeframe.)
For a project time frame of 1 year, what is the smallest number of days
that would make you prefer Option 2?
For a project time frame of 2 years, what is the smallest number of
days that would make you prefer Option 2?
For a project time frame of 3 years, what is the smallest number of
days that would make you prefer Option 2?
For a project time frame of 4 years, what is the smallest number of
days that would make you prefer Option 2?
For a project time frame of 5 years, what is the smallest number of
days that would make you prefer Option 2?
For a project time frame of 10 years, what is the smallest number of
days that would make you prefer Option 2?
Fig. 1: Intertemporal choice task questionnaire (excerpt).
The answer for the 1-year option from this subsequent stage
was not used in the analysis. This allowed us to investigate
whether and how participants would discount future choices in
a TD scenario. The participants were also asked to answer a
few demographic questions (e.g. gender, age, educational and
professional qualification) in the same online questionnaire.
B. Participants
Participants were solicited from two large software develop-
ment companies (Company 1 and Company 2) in Greece.
The companies were chosen because both employ more
than 100 employees, with a typical project (development)
duration of 2 to 3 years and product lifetime of 10+ years.
Moreover, both companies develop large-scale software systems
(Company 1 develops enterprise systems for banks, government
and educational institutes; Company 2 develops simulation
software). Both use the Java programming language.
C. Data analysis
We examined the survey results using basic statistical
methods and calculated the discount rate using the exponential
model with annualized continuous compounding (see Eq. 2).
Summary statistics were used to examine demographic data
and describe the sample. Boxplots were used to obtain a visual
overview of the temporal choice data. The median discount rate
was plotted against the time horizon options in the scenario
task to demonstrate the overall tendency. Individual discount
rates were also plotted against the time horizon options. We
examined the data for the two companies separately.
The choice of discount rate model was based on the lack of
available evidence in the field. Rather than testing the goodness
TABLE III: Participant demographics
Company 1 Company 2 Total
No. of participants 23 10 33*
Female / Male / Other 5 / 18 / 0 0 / 10 / 0 5 / 28 / 0
Mean years of work ex-
perience (sd)
6.50 (5.66) 7.70 (3.13) 6.88 (4.98)
*32 participants provided demographic data.
of fit of various models and model parameters, we opted for
the exponential model because it is commonly used in the
intertemporal choice literature [15], is easy to calculate and
replicate, and is sufficient to determine whether discounting
occurs or not.
Similar to prior studies in intertemporal choice, we establish
a present value for each participant through a singular choice,
followed by a series of choices in which the time frame
is manipulated to understand the effect of temporal delays
on preference. The 60% uncertainty was factored into the
calculation of present and future values by deriving the expected
value from the response provided by the participants – for
example, a response of 10 days results in an expected value of
6. The answer for the initial question about the 1-year project
establishes the expected present value (P in the equations in
Section II-C). The answers for the subsequent questions about
projects with 2 to 10 years time horizons then establish the
expected future values (F in the equations).
IV. RESULTS
A. Demographics
After removing one duplicate entry, we obtained a sample of
33 employees. One participant provided no demographic details.
We report demographics for the remaining 32 participants, but
results on discount rates are drawn from all 33 participants.
The mean age of participants was 34.3 years, with a standard
deviation of 5.28. The individual responsibility in the company,
the highest education qualification and work experience for
all the participants are shown in Fig. 2. Table III summarizes
information on the number of participants, gender, as well
as mean and standard deviation of work experience in both
the companies. The data set with computed discount rates is
available in a replication package [21].
B. Do software professionals exhibit temporal discounting?
If software professionals would value the future equally as
the present, they would not exhibit temporal discounting. This
would be expressed by discount rates around zero. We will
describe results for each company and compare.
Fig. 3 illustrates the distribution of time savings required
by the participants to opt for the long-term library investment
for various project time durations. The box plots indicate the
median number of days for each project duration (dark line),
the 25th and 75th percentile (bottom and top of the boxes
respectively), maximum and minimum values, as well as a few
outliers. Note the significant spread of responses, which range
from 1 day to 80 days. Numerically, responses below 8.3 days
(a) Responsibility (b) Educational Qualification (c) Work Experience
Fig. 2: Participant’s demographics
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(b) Company 2.
Fig. 3: Distribution of time savings required to opt for long-term investment for varying project duration
imply an expected negative return on investment, which could
be interpreted as risk-seeking behavior or as a choice made by
considering external factors.
For Company 1 (Fig. 3a) it can be readily observed that
for longer projects a gradually increasing number of days is
required to prefer the long-term investment. This suggests the
discounting of future choices in a technical debt scenario. The
discount rates increase as the time horizon in which a benefit
can be seen expands. The same holds for Company 2 (Fig. 3b):
the demand for higher savings by the long-term investment is
also increasing as the pay-off spreads over a longer period, but
the rate of increase is lower. Participants in both groups thus
clearly exhibit temporal discounting.
As discussed above, we compare future responses against
each participant’s present value for option 2 in order to establish
the individual’s discount rate per time horizon. For the majority
of participants in the study, we observe that as the time horizon
increases, the annual discount rate declines. The range of
discount rates observed falls within the typical ranges observed
by earlier studies on consumer behavior [8].
The median discount rate of the employees of Company 1
(see Fig. 4a) reveals that as the time horizon increases, the
annualized discount rate decreases. However, three participants
exhibit no discounting at all, i.e. the amount of days required to
prefer Option 2 remains constant throughout the time horizon.
However, one participant specified preferences resulting in a
negative expected return of investment. This implies they were
either seeing other benefits (such as trying a new library) or
maybe interpreting the time savings as a recurring benefit.
For Company 2, the median discount rate evolution from all
participants is shown in Fig. 4b. The decreasing trend suggests
that the discounting of future outcomes can be described by an
exponential or even a hyperbolic curve. An interesting finding
of this study is that the discount curves for the two companies
are almost identical. This almost perfect match between the
curves possibly implies that developers of the same background,
living in the same country and working at companies of the
same (large) size, discount future in the same manner. This
raises interesting question about how organizational and cultural
factors influence temporal discounting.
Median discount rates mask the preferences of individual
developers and do not allow us to observe whether the declining
(a) Company 1. (b) Company 2.
Fig. 4: Median discount rate as a function of time horizon
(a) Company 1. (b) Company 2.
Fig. 5: Individual discount rates as a function of time horizon
trend is shared by all participants. Fig. 5a illustrates how
the discount rates reported by each of the 23 developers in
Company 1 shift according to the time horizon. It becomes
evident that all developers exhibit a declining trend of temporal
discounting as the time horizon of the project increases.
Individual discount rates vary heavily for relatively short project
duration. At one extreme, in order to prefer the long-term
investment for a project of 2 years, a developer asked for
savings which are 30 times higher (!) than the effort required
to integrate the library in a project of 1 year. At another
extreme, as already mentioned, one developer would opt for
the integration of a library, even if this choice would yield
lower savings in the future than the savings offered immediately.
This implies that architectural TD mitigation is attractive for
some people regardless of the associated effort to achieve it.
However, it can be readily observed that choices converge when
the time horizon increases: when the project duration reaches 10
years, almost all participants’ choices imply a low discount rate.
Fig. 5b illustrates the individual discount rates for Company 2.
As was the case for the median discount rate, the individual
participant’s discount curves for the two Companies also exhibit
remarkably similar patterns. One immediate question this raises
relates to time perception: Is the difference in year 1 due to
the difference in subjective time perception, or differences in
opinion about the value of incurring vs. paying back Technical
Debt? In other words, is it driven more by subjective time
perception or by personal professional experience?
C. Which factors influence temporal discounting?
The elicitation of individual discount rates establishes the
phenomenon: Participants make choices as if they were using
discount rates. This does not establish the causal mechanisms
that lead to the observed behaviors, of course. It is equally
important to investigate the range of motives that drive
developers’ choices to eventually obtain a better understanding
of intertemporal choice in the context of TD. This is ultimately
a complex question that requires much more detailed research
designs, but the study explored the multiple factors that
participants considered explicitly through a set of follow-up
questions, as is common in intertemporal choice studies.
TABLE IV: Justification of choices (representative responses)
How did you make your choice?
The library must give me back the days that we need to implement it plus the 5 days of the new feature time at least over every year
When taking a risk we expect some results that are worth the risk
The effort I would be pleased to save taking into consideration the risk of 40% failure
I multiply the inserted days with 0.6 and i wanted the result to be enough for the library 5d + 5 days for the other task + 5 days to keep my upfront
days
Library is always a tool you can reuse..
...(use of).. the new library .. might result in even more benefits in the future...
TABLE V: Additional information to make informed choice
What else would you need to know to make an informed choice?
The number of developers. The type of project (simple vs complex). The expected number of other dependencies.
The timeframe for my next task, as if the task is demanding I would prefer to start it earlier, instead of experimenting with an ambiguous library.
The knowledge level of the available resources. It differs when you assign a research task to a senior level person. It doesn’t happen always but it is
very possible a Senior Person to give better feedback in a week than 5 juniors.
Most probably the remaining time of the project
Total amount of people in the team
Are we at the beginning or the end of the project?
A) The specific time within the Project’s timeline that the choice has to be taken. B) The overall person-days cost of the Project
Table IV lists representative responses to the question How
did you make your choice? It becomes evident that several
developers appear to have followed some form of normative
decision making approach for evaluating the expected utility of
possible outcomes. This is evidenced by responses such as “I
multiply the additional days with 0.6 ...” or “the effort I would
be pleased to save taking into consideration the 40% failure”
and “I want to take back the (5-days) effort I invest plus 1 day
as a marginal gain. So, 6 days is the minimum effort I want
to gain. Since there is a 60% probability for this to happen,
in order to balance the risk and as an additional incentive I
say 10 days”. The responses reveal that many developers are
well aware of the benefits of long-term investments and of the
normative models of computing expected values.
The responses leave open, however, how the participants
approached the intertemporal choice itself. For example, we
cannot know whether the observed discount rate is the result
of subjective time perception [14], time preference [6] or the
differential discounting of outcomes involving gains and losses
[7]. Similarly, developers may be influenced by such aspects
as whether this is their own project or someone else’s [22].
Responses to the question What else would you need to know
to make an informed choice? shed light on parameters that
participants consider, or would like to consider, in TD related
decisions. Table V lists representative responses. Team and
project characteristics such as team size, skills, and remaining
project time and resources are recurring concerns. This type
of feedback is reasonable considering the inherent trade-off
between assuring software quality and delivering in time.
V. DISCUSSION
A. Findings and Implications
The results establish a first baseline for temporal discounting
in Software Engineering by showing that software professionals
exhibit temporal discounting: They value distant uncertain
future outcomes lower than proximal ones at a rate proportional
to the time horizon. The participants’ responses show that
their behaviors vary widely when shorter time horizons are
considered and converge when time horizons expand.
Beyond this baseline of establishing that the effect can be
observed, however, the study raises a plethora of new questions.
Most importantly, the responses suggest that they consider a
wide range of factors; use a range of different ways to think
about this trade-off decision; and approach this logically and
reasonably using their own experience and expertise. How
exactly their reasoning leads them to make their decisions,
however, is far from clear.
Technical Debt (and other Software Engineering situations)
provide very interesting temporal discounting scenarios because
unlike consumer behaviors, they are taking place in a special-
ized domain of expertise in which specific normative models
and approaches exist. As the study suggests, individuals still
approach these situations using their common sense reasoning
capabilities. How the normative methods that prescribe certain
valuation behaviors interact with the perfectly reasonable
common sense of individuals is one of the many open questions.
Below, we discuss some of the areas we consider most fruitful
for future investigations.
B. Research Areas
1) The effects of temporal discounting in TD management:
If temporal discounting is as prevalent among software profes-
sionals as in the general population, this must be considered in
the design of TD management methods and tools in at least two
ways: First, as a source of behavior that causes TD, whether
“recklessly” or “inadvertently” [23]; second, as a factor that
influences explicit choice in TD management decisions such as
prioritization, scheduling or allocation. How should we design
intertemporal choice situations in TD and in SE considering
these initial findings?
Regardless of whether we consider this factor a bias or simply
part of human nature, method design must consider temporal
discounting appropriately, and this can only be done with some
understanding of how these factors work. Intertemporal choice
research in other domains, such as investment decision making,
has explored highly relevant concepts for designing individual
choices to improve delayed outcomes. TD management would
do well to explore similar avenues, but we need a deeper
understanding of causal factors first.
2) Discount rate calculations: In this initial study, we have
opted for the most basic calculation of discount rates using
the normative model of exponentially discounted utility. Many
have pointed out, however, that this model is insufficient and
does not address causal factors, varied behaviors, and shifting
preferences. Future studies should explore hyperbolic models,
subjective time perception, and other perspectives.
3) Subjective time perception in projects: One area we con-
sider very fruitful is to explore the subjective time perception
of project duration, milestones and time horizons, and its role
in temporal discounting. Prior research has provided strong
arguments for the importance of time perception in temporal
discounting [14], and it is intuitively very reasonable to use
relative perception, rather than mathematical discount rates,
as a basis of explaining human choice. Prior research has
also established the central role of framing in preferences
[24] and the importance of goal setting, incentives and time
horizons for project management behavior [25]. But how does
the perception of project time frames create time horizons that
frame the subjective perception of time?
4) The discounting of mixed outcomes: Since losses are
discounted differently from gains, i.e., at a different rate over
time – outcomes that contain a mix of losses and gains can
exhibit specific compound preference shifts. For example,
Soman et al. [7] explored consumer preferences for a mixed
outcome that involved a coupon that required some effort to
redeem. Participant preferences could consistently be explained
by discount rates that varied differently for the coupon reward
and the effort to redeem the coupon. Specifically, it seemed
that the effort was discounted more strongly than the reward, so
that the prospect of redeeming a coupon in the future seemed
more appealing than it did at a closer point in time. As a
result, preference for the coupon became more pronounced in
the distant future. Since efforts to incur or repay TD similarly
involve a mix of gains and losses, it can be assumed that the
perception similarly shifts over time: The closer in time the
effort gets, the more commanding it appears.
5) Social distance and viscerality: In many situations
involving temporal choices in TD, temporal discounting may
interact with discounting based on social distance. For example,
Amanatidis et al. showed that developers were more willing
to recommend repayment of TD items when the code was in
someone else’s project [22]. This may interact in interesting
ways with the discounting of mixed outcomes: After all, it’s
not the participants themselves that will have to refactor code
or add documentation, but they can readily estimate the value
this brings. It may simply be harder for them to empathize with
the experience of having to invest the effort. This interaction
of psychological distance and viscerality has been studied in
other areas including environmentally related decision making
and climate change [10]. How does it influence TD?
6) Individual, organizational and cultural factors: It is very
interesting to see that some participants did not exhibit any
temporal discounting at all. Which factors influence these
patterns of preferences? While two of them are the most
experienced participants, one is the youngest, and no clear
pattern can be distinguished in other regards either. Future
studies should examine these patterns and explore what can be
learned from those participants with long-term perspectives.
We speculate that organizational environments and broader
cultural factors also have a marked influence on the trends
that can be observed in intertemporal choice preferences. The
participant population of the two companies in our study is
homogeneous. We intend to replicate our study design across
different companies and countries to begin comparing and
identifying similarities and differences.
C. Threats to Validity
The survey design presented here can be used to perform
similar studies on intertemporal choice in software engineering.
The identified patterns and the conclusions are of course
subject to external validity threats that limit the ability to
generalize these findings. The study focused on a limited
factor of technical debt remediation, and closer inspection
of other factors may reveal different results. The restriction of
participants to two companies in one country necessarily reflect
the beliefs and attitudes from a single culture and economy.
Nevertheless, the results strongly suggest that many software
professionals exhibit temporal discounting in their choices.
Future work will explore how attitudes toward uncertainty and
time perception may differ across populations.
The construct validity of any intertemporal choice study
is threatened by the complexity of the presented scenario
and the degree to which external effects and factors influence
individual choices. For example, the temporal discounting of
monetary rewards is strongly influenced by socio-economic
background [13]. In our study design, we followed good
practice in intertemporal choice research by providing a fixed
uncertainty indicator. In the follow-up questions of the study,
only some of the subjects refer to the consideration of the
60% probability of gaining a benefit in Option 2 in their
decision making. (We did not ask them specifically whether
they had considered it.) Some of the responses (e.g. “For
bigger timeframes it is easier to take the risk” and “...for too
large projects, the risk (of investing on a library) is minimal”,
indicate that participants might even consider that for longer
time horizons the investment on a library is safer. This is true
in reality, but was meant to be factored out from the presented
scenario by the given probability of savings. Some participants
also considered additional causes of probability, disregarding
that these were meant to be considered already in the 60%
probability. This threat is mitigated to a great extent by factoring
out this probability in the discount rate calculation (i.e., we
use the expected value by multiplying responses with 0.6 for
the calculations). Perhaps more importantly, some participants
appear to have made choices based on an assumption that the
savings are yearly. As a result, their numbers may be biased
too low. This is not a threat to the identified patterns, since
temporal discounting is still present, but it might imply that
temporal discounting in practice may be more pronounced than
what is reported here.
VI. CONCLUSIONS
The study’s findings establish that the intertemporal choice
behaviors of developers are broadly consistent with what prior
research has established for consumers. Just like consumers,
developers exhibit temporal discounting and show significant
differences in individual behavior. The findings establish the
relevance of intertemporal choice theory and research for
Software Engineering and raise a multitude of open research
questions: Which factors affect temporal discounting? How
and why does temporal discounting influence TD management
decisions in particular and SE behavior more generally? And
how should we design intertemporal choice situations in TD
and in SE considering these findings?
The paper establishes an empirical basis for understanding
how software developers approach intertemporal choice and
provides a model for conducting experiments about future
discounting in TD management. As the first empirical study
on intertemporal choice in Software Engineering, the paper
provides a blueprint, establishes an empirical baseline and
contributes essential empirically grounded insights to the theory
of Technical Debt management.
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